BEFORE we enter into the discussion of problems and experimental data concerning the therapeutic removal of internally deposited transuranic elements, I would like briefiy to outline the principles governing this field and to show the direction in which it is developing. Although the corroborative experimental findings that I will quote do not deal directly with plutonium, the conclusions which can be drawn from them, particularly if lanthanides are involved, should be, to a certain extent, applicable and valid for the transuranic elements. The circumstance that all Papers which will be presented in this session are confined to the action of chelating compounds is not fortuitous. Rather, it is the consequence of the important Progress made quite recently in this tfirection, whereas all other approaches remain without any essential results. The experimental research on chelating agents a t present pursues two main goals: first, the development of highly effective chelating compounds; and second, the elaboration of an optimal therapeutic regime for a given chelator which will guarantee a maximal radiometal mobilization and simultaneously avoid harmful side effects from the toxic action of the chelator.
The factors relevant to the therapeutical effectiveness of chelating agents have been reviewed comprehen~ively(~-~) and there is no need to repeat again the underlying ideas. I t may be useful only to recall that the effectiveness of a chelator is related, among other factors, to the ratio of the chelate stability constant for the radiometal to the stability constant for calcium, an ion Lvhich markedly impairs the chelate effectiveness by competition. Generally speakins, this ratio can be infiuenced by varying the number of the electron-donor atoms, the nature of the donor groups and, finally, the molecular configuration of the ligand.
In regard to the number of ligand atoms, a pronounced polydentate nature of the ligand can give rise to a marked increase in chelate stability. As a rule, this increase will be more pronounced the higher the coordination number of the meta1 ion involved. In keeping with this argument, we find for higher-dentate polyaminopolycarboxylic acids a marked superiority in mobilizing radiocerium, radioyttri~m,(4?~) and thorium,(6) i.e., metals for which a maximal coordination number of 8 is likely(718) (Fig. 1) . The stability constants for calcium, possessing 6 coordination sites only, are almost identical in the case of EDTA (ethylenediaminetetraacetic acid), DTPA (diethylenetriaminepentaacetic acid), and (very probably) TTHA (triethylenetetraaminehexaacetic acid). Somewhat unexpected is the observation that TTHA affects the deposition of radiocerium and radioyttrium in the liver to a lesser degree than DTPA. The reasons for this discrepancy are not yet fully understood. Because the higher homologue of DTPA, 12-dentate TPHA (tetraethylenepentaamineheptaacetic acid), shows a relatively poor mobilization ability, we may conclude that the "polydentate principle" cannot be applied indiscriminately. In the case of TPHA, the formation of less stable bimetallic chelate species appears to be likely and to be responsible for the loss in effectiveness. As for plutonium, a superiority of TTHA over DTPA should be anticipated.
Apart from the number of donor groups, the 
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Effect of BADE and ACHTA (2-(B-aminoethoxy) cyclohexylaminetetraacetic acid) on the retention of Cei" by organs of the rat. The calcium chelates (250 ,uM/rat) were administered a few minutes post-injection. molecular configuration of the ligand may have a marked effect on its coordination tendencies. This might be eitherbyinfluencing the basicity of the donor atoms or by impairing (or making easier)the metal-ligand orientation. However, our attempts (5, 6 ) to obtain such specifically effective compounds for the mobilization of radiocerium or thorium have been unsuccessful so far.
A derivative of 2 : 2'-bis[di(carboxymethyl)-aminoldiethyl ether (BADE), possessing a cyclohexyl ring instead of an ethylene group, gives rise to a higher excretion of radiocerium than BADE (Fig. 2) . The similar substitution, however, in the DTPA molecule was not followed by a comparable increase in effectiveness. Furthermore, TTHA promotes a higher mobilization of radioceriurn and thorium than a related compound, although both agents have the Same number and kind of coordination sites (Fig. 3) .
Several heavy metals, such as lead, mercury, or polonium, prefer sulphur or nitrogen as a coordination Partner over oxygen while calcium behaves in the opposite fashion. I n conformity with the higher stability constant ratios, we find that particular sulphur-containing polyamino acids (e.g., 2-mercaptoethyliminodiacetic acid and cystaminetetraacetic acid) reduce the radiolead content of the kidneys and other organs to a much larger extent than do ordinary polyamino acids or structurally different SH-compounds with fewer donor g r o~p s . (~) As expected for the rare earths, the sulphur compounds do not show any advantage;(l0P) this should obtain for plutonium also, considering the similar coordination behaviour of lanthanides and actinides.
The effectiveness of the chelating agents is greatly reduced with delayed treatment (Fig. I) , and the difference between DTPA and TTHA disappears. The Same observations was reported quite recently forDTPAandBADE. (12) (13) (14) Although DTPA is superior to BADE if administered early, the amount of plutonium, radiocerium. and radiovttrium that can be removed by both compounds with delayed treatment is almost identical. This may occur because as time passes, a major fraction of the radiometal deposited in the tissues is withdrawn from equilibrium and becomes unavailable to the chelators. The remaining and only loosely bound fraction could then be mobilized even by relatively weak chelators. Possible differences in the metabolic behaviour of different chelating agents, caused by structural dissimilarities or differences of the charges of the chelate ions, may also be taken intoaccount. The practical implication is obvious. More experimental investigation is needed with as many different compounds as possible.
The main reasons for the more or less pronounced dependence of effectiveness on the time of chelate administration are the progressive transfer of the radiometal into biological compartments that bind it more tightly and/or the formation of so-called inert or sluggish chelates with endogeneous constituents. As has been pointed out by SCHWARZENBACH,('~) these two Parameters (i.e., the chelate stability constant and the constant of the velocity by which the association and dissociation of a chelate proceeds) are not necessarily correlated.
T o corroborate the possible importance of sluggish exchange reactions by an experimental result, I would like to mention a n observation we have made in the Course of our experiments with radioruthenium now under wav. (16) T o obtain the maximum mobilization effect, we injected radioruthenium simultaneously with different chelating agents (Table 1) . Among the compounds so far tested (polyamines, mercaptanes, and polyaminopolycarboxylic acids), the highest reduction of deposition was observed for radioruthenium chelated by 1 : 2- (BATE), a compound that proved rather ineffective for all other radiometals previously tested. The effectiveness of BATE and of all other chelators quoted in Table 1 was almost completely abolished if they were administered shortly-even 1 min-after the injection of radioruthenium. This negative result is the more unexpected as radioruthenium is cleared from the blood rather slowly. By means of electrophoretic studies (Fig. 4) , we have found that the stability of the Ru-BATE chelate is decisively higher than the binding of ruthenium by the serum proteins. When radioruthenium was added to a solution of BATE in serum, the fraction bound by the albumin and globulins remained negligible and the bulk of the activity migrated together with BATE. If, however, BATE was added to a solution of radioruthenium in serum, the binding ratio reversed, even if the solution was incubated for several days. These findings led us to the conclusion that the ruthenium-protein complex represents a typical inert chelate and that the formation of predominantly covalent bindings is probably the responsible factor.
In this context, may I mention also a similar observation concerning the mobilization by DTPA of radiocerium from an intramuscular depot (Table 2 ). I n the case of carrier-free radiocerium, its absorption from the injection site and excretion from the body can be largely enhanced by relatively few doses of DTPA, whereas both the absorption and the effectiveness of DTPA are significantly reduced with 2 isotopically diluted radiocerium. I t cari thus be 3 e assumed that in the latter case a precipitate forms that is extremely slowly solubilized by the chelator. Let us now turn to questions concerning the effectiveness of multiple chelate doses and the elaboration of an optimal dosage schedule. (17) Ce144 plus 1 mg Ce capillary space, the radiometal in the "fast" compartment can be removed fairly quickly by a chelator. Further administration only gives a relatively slight effect, due to the more stable binding of the radiometal by the "slow" com-* + partment (Fig. 5b) . A second possibility is the serial arrangement of the compartments-only one compartment communicating directly with the extracapillary space. If the compartments are arranged in order of the increasing affinity toward the radiometal and the transfer of the radiometal within the series proceeds rather slotvly, a quite different effectiveness pattern results and the net amount of excreted radiometal will be markedly higher (Fig. 5c) . As to the retention of radiocerium by the liver, our experimental data (18) come to the same concIusion. DTPA was given here in daily doses for 18 days and its effectiveness was relatively quickly exhausted. I t is likely that the same net effect might have been obtained by a smaller number of doses. Furthermore, one might be in doubt about the appropriateness of the dosage schedule used (i.e., the daily administration of DTPA). The action of a highly effective compound such as DTPA is sustained over several days.(12J3Js-"2) Consequently, tve must consider the possibility that successive and too narrotvly spaced doses are less effective than if each dose is given only after the complete cessation of the action of the preceding dose (Fig. 7) . To with radiocerium were given three doses of DTPA ori the third, fourth and fifth day in the first group, and on the third, sixth and tenth day in the second. The foregoing assumption can be verified by referring to Table 3 . Multiple chelate doses given within a short time lower the radiocerium content of the liver to only 2 1 per cent of the control value: the less narro\vlv spaced dosage gives a reduction to 16 per cent. This differente is statistically significant. On tlie other hand, the response of skeleton and kidneys to both dose schedules is almost identical. This is in keeping trith our earlier statement(l8) that the sustained action of DTPA is confined to the mobilization of radiocerium from the liver. We may therefore deduce from these findings that a pro;racted dose schedule is preferred-at least in dealing with liver-seeking radiometalsbecause it gives a higher mobilization and ought to be less harmful. I n conclusion, I might deal briefly with the effect of esterified polyaminoacids. Some time ago we reported(3,g.") that tlie cster-lactones enhance the mobilization of radiocerium, radioyttrium, and lead from the parenchymatous organs to a higher degree than the ordinary calcium chelates of the underlying polyamino acids. I t was thought that the higher effect of the ester is brought about by its ability to permeate cellular membranes. Since then we have tested a new compound, the ester-lactone of BADE, and are able to confirm our earlier findings. T h e effect of this compound, however, remai~is low as compared to DTPA. Final conclusions about the value of this approach can be drawn onlv wlien the ester of DTPA becornes available. Nevertheless, considering the relatively high effectiveness of BADE in removing a screening test on the effect of the BADE-ester in this case might be justified.
